Previous results suggest that both cortisol mobilization and the errorrelated negativity (ERN/Ne) reflect goal engagement, i.e. the mobilization and allocation of attentional and physiological resources. Personality measures of negative affectivity have been associated both to high cortisol levels and large ERN/Ne amplitudes. However, measures of positive social adaptation and agreeableness have also been related to high cortisol levels and large ERN/Ne amplitudes. We hypothesized that, as long as they relate to concerns over social evaluation and mistakes, both personality measures reflecting positive affectivity (e.g. agreeableness) and those reflecting negative affectivity (e.g. behavioral shame proneness) would be associated with an increased likelihood of high task engagement, and hence to increased cortisol mobilization and ERN/Ne amplitudes. We had female subjects perform a flanker task while EEG was recorded. Additionally, the subjects filled out questionnaires measuring mood and personality, and salivary cortisol immediately before and after task performance was measured. The overall pattern of relationships between our measures supports the hypothesis that cortisol mobilization and ERN/Ne amplitude reflect task engagement, and both relate positively to each other and to the personality traits agreeableness and behavioral shame proneness. We discuss the potential importance of engagement-disengagement and of concerns over social evaluation for research on psychopathology, stress and the ERN/Ne.
Introduction
The hormone cortisol has a wide range of physiological functions, including the mobilization of resources and stress-protective down-regulation of other physiological systems (Sapolsky et al., 2000) . Mason (Mason et al., 2001) proposed the concept of an engagement-disengagement axis as the primary underlying dimension of the cortisol system (Ennis et al., 2001; Solberg Nes et al., 2005) . In the context of post-traumatic stress disorder, Mason argues that the low cortisol levels reflect disengagement coping strategies, which represent secondary compensatory adaptations to counteract primary arousal symptoms, especially those related to an intractable shame-laden depression. The general pattern is below-normal cortisol levels when conditions involve little acutely superimposed psychosocial stress and a supportive setting in which disengagement coping mechanisms can be readily used. On the other hand, above-normal cortisol levels are observed when greater psychosocial stress is superimposed and situations make it more difficult to effectively use disengagement defences (Mason et al., 2001 ). This explains both the hypocortisolism in syndromes characterized by disengagement (e.g. depersonalization) responses, and the occasional findings of high cortisol responses in the same syndromes (Mason et al., 2001; Tops et al., 2006) .
The catalyst for shame seems to be the way one's characteristics divide oneself from others (Ayers, 2003) . Hence, negative social evaluation is a strong elicitor of shame and this emotion is thought to be designed to prevent rejection or separation (Ayers, 2003; Trumbull, 2003) . Behavioral shame proneness predicts depressive symptoms (Andrews et al., 2002) . Recent research has revealed that the strongest and most consistent cortisol responses in humans are evoked by shame, fear of negative social evaluation and threat of loss of control (Dickerson and Kemeny, 2004; Dickerson et al., 2004; Gruenewald et al., 2004) . However, for individuals high in shame proneness, disengagement coping strategies may serve to protect against unmanageable shamerelated emotional arousal (Dickerson et al., 2004a; Gruenewald et al., 2004; Mason et al., 2001) . Dickerson et al. (2004a,b) propose that shame is part of an integrated psychobiological response that may be adaptive in uncontrollable situations when goal disengagement/withdrawal is the most functional response. This predicts that shame proneness relates to either increased or decreased cortisol levels in shame-inducing settings, depending on the possibility of utilizing disengagement coping.
Evaluation of current performance has a role of central importance in the regulation of cognitive processes. The discovery of the neural correlates of performance evaluation has inspired an abundance of research in recent years. In particular, event-related potential (ERP) studies have revealed a neural response to errors that has been termed the error-related negativity (ERN) or error negativity (Ne), which is typically followed by the error positivity (Pe) (Falkenstein et al., 1990; Gehring et al., 1990) . The ERN is a negative event-related potential (ERP) with a fronto-central scalp distribution, peaking 60-110 ms after an error response and is thought to be generated by the anterior cingulate cortex (ACC) (Dehaene et al., 1994; Wijers and Boksem, 2005) . The rostral and dorsal ACC are implicated in tasks that require increased response control due to emotional and cognitive interference, respectively (Critchley et al., 2005) . However, both rostral and dorsal ACC are activated by conditions that induce changes in visceral arousal, suggesting that ACC supports a generation of integrated bodily responses (Critchley et al., 2005) . A large meta-analysis of PET studies (Paus et al., 1998) showed that the common denominator of ACC activation across many task conditions is the level of task engagement, i.e. the amount of effort, which has to be engaged in a task.
Compared to the ERN, the functional significance of the Pe is markedly less substantiated. This ERP component typically follows the ERN and consists of a slow positive going deflection that reaches its maximum between 200 and 400 after subjects make an error. Its distribution is quite diffuse, but appears slightly more posterior compared to the ERN (Falkenstein, Hoormann and Christ, 2000) .
Similar to studies of ACC function, recent studies of the ERN have increasingly focused on the motivational, emotional and/or reward-related processes that are often part of the optimal performance of cognitive tasks, and on the control of the autonomic responses that accompany cognitive effort in humans (see e.g. Hajcak, McDonald and Simons, 2003) . The ERN has been observed following error responses and also when outcomes are 'worse than expected', suggesting that the ERN reflects not only the detection of errors but also error salience. Luu et al. (2000) found that highnegative affectivity subjects, who were dissatisfied with their performance, showed a characteristic pattern of overengaging and then disengaging from the task, as reflected in the amplitude of the ERN during prolonged task performance. Another finding is that when subjects were told that their performance was being evaluated on-line by a research assistant, and that the research assistant would compare the subject's performance to other subjects who had performed the task, ERN amplitudes were larger compared to a control condition (Hajcak et al., 2005) . This not only implies that the more certain the individual is in having erred, the larger the ERN amplitude, but also the more engaged in the task the individual is, the larger the ERN (Santesso et al., 2005) . Hyperactivity of the ACC and a pronounced ERN may reflect task engagement and/or (e.g. socially motivated) concern over the outcome of an event.
In one of our previous studies, the personality factor agreeableness, which measures positive psychological adaptation and low irritability, correlated positively with morning cortisol level . A positive association between agreeableness and cortisol levels had been reported before in male Navy recruits (Vickers et al., 1995) . Indeed, negative relationships have been found between agreeableness scores and depersonalization (Foss, 2002) , dissociative experiences including depersonalization (Goldberg, 1999) , behavioral disengagement coping (Hettler, 2001) , selfreported stress (Hao and Long, 2003) , and a positive relationship with the use of active coping strategies (Hettler, 2001; Medvedova, 1998) . Agreeableness relates to higher positive affectivity (e.g. DeNeve and Cooper, 1998) . A recent study of 10-year olds found that a measure of social sensitivity, positive adaptation and sensitivity to social expectations similar to agreeableness (Aluja et al., 2004; Stöber, 2001) related to a larger ERN (but not Pe), lending support to similar findings in adults (Santesso et al., 2005) . This suggests a higher concern over mistakes (or, alternatively, enjoyment of performing well and fulfilling expectations) and engagement in task performance in individuals scoring high on agreeableness (Santesso et al., 2005) .
Following from the above considerations, we expect cortisol mobilization and the amplitude of the ERN to reflect task engagement. Hence, we expect both to relate positively to each other and to personality traits that should increase the likelihood of high task engagement: behavioral shame (fear of negative social evaluation and mistakes) and agreeableness (concern over social evaluation and mistakes). Alternatively, behavioral shame may not display the hypothesized relationships, since it is also associated with disengagement coping strategies, which may serve to protect against unmanageable shame-related emotional arousal. In the present study, we had female subjects aged 18-26 years perform a flanker task while electroencephalographic activity was recorded. Additionally, the subjects filled out relevant questionnaires measuring mood and personality, and salivary cortisol immediately before and after task performance was measured.
Methods

Subjects
Twenty-four healthy participants (females), between 18 and 26 (MZ20, SDZ3.4) years of age, were recruited from the university population. They were paid for their participation and had normal or corrected-to-normal vision. None of the subjects worked night shifts or used prescription medication. Written informed consent was obtained prior to the study. Three participants described themselves as being left handed. As removal of these subjects from the analyses did not change the pattern of results substantially, these subjects were included in all analyses. Three subjects had a cortisol value at one point of measurement that was higher than the group average plus three standard deviations. These subjects were excluded from analyses in order to reduce the impact of outliers. From two subjects both the pre-task and post-task cortisol levels were missing due to an insufficient amount of saliva; from one subject only the post-task cortisol level was missing. This leaves a final number of 18 subjects in analyses involving post-task cortisol levels or cortisol decrease during the task, 19 subjects in analyses involving pre-task cortisol levels, and 21 subjects in all other analyses.
Task
We used a version of the Eriksen Flanker Task (Eriksen and Eriksen, 1974) . On each trial, a fiveletter string was presented. The central letter was the target, the remaining letters the flankers. The stimuli used for targets and flankers were the letters H and S. During the entire task, a fixation mark was displayed 0.148 above the target letter. On congruent trials the target letter was the same as the flankers (SSSSS of HHHHH); on incongruent trials the target letter differed from the flankers (SSHSS or HHSHH). 40% of the trials consisted of incongruent stimuli and 60% consisted of congruent stimuli. Congruent and incongruent trials were presented in random order.
The stimuli were presented on a 17 inch monitor. The letters were white against a black background and each letter had a height and width of 0.248 visual angle. Eriksen and Eriksen (1974) showed that reaction times and error rates were highest when letters were presented close together. Therefore, we presented letters 0.058 apart. The complete five-letter string had a width of 1.438 visual angle.
In addition, flankers were presented 100 ms prior to target onset to maximize the expected flanker compatibility effect (Kopp et al., 1996) . Target and flankers disappeared simultaneously at the moment a response was made. In case, no response was given; targets and flankers disappeared after 1200 ms. The interstimulus interval was 3 s. Participants received six blocks of 400 trials. Each block had a total duration of 20 min.
After six blocks, participants received additional information by means of a text message on the screen: the reward condition. Participants were informed that they were about to begin the last part of the experiment and that they could earn points by responding correctly. For each correct response, participants would receive 10 points. For every incorrect response, participants would lose 20 points. Responding too slow, or not at all, resulted in no points. Finally, participants were told that their performance would be compared to other participants; the 10 participants with the highest score would receive an extra monetary reward of 20 euros. After this information, a last block consisting of 388 trials was presented. After every 97 trials participants received feedback about the number of points they scored. The duration of the complete task was 2 h and 20 min.
Questionnaires 2.3.1. Experience of shame scale (ESS)
This 25-item questionnaire was used to measure the disposition to experience shame. The ESS contains three subscales: characterological shame (range: 12-48), behavioral shame (range: 9-36), and bodily shame (range: 4-16) (Andrews et al., 2002) .
Five factor personality inventory (FFPI)
We used the 100-item FFPI to assess Extraversion, Agreeableness, Conscientiousness, Neuroticism and Autonomy (Hendriks et al., 1999) .
Profile of mood states (POMS)
The 32-item POMS were used to assess mood before and after participants completed the experimental task. The five subscales measure depression, fatigue, vigor, anger and tension (Wald and Mellenberg, 1990 ).
Saliva cortisol
Saliva samples were taken with a Salivette (Sarstedt Inc., Rommelsdorf, Germany) immediately before and after task performance. Analyses of saliva cortisol were performed in the biochemical laboratory of the University of Trier. Saliva samples were stored at K20 8C until analysis. Cortisol concentration in saliva was measured using a time-resolved fluorescence immunoassay, as described in detail in Dressendörfer et al. (1992) .
Procedure
Subjects were instructed to abstain from alcohol 24 h before the experiment and from caffeine containing substances 12 h before the experiment. After arrival at the laboratory at 12.00 h, subjects were given written task instructions where after they were trained in performing the task, for 15 min. Following the application of the electrodes, subjects were seated in a dimly lit, soundattenuated, electrically shielded room at 1.20 m from the screen and they were asked to fill out the POMS and provide the first saliva sample. Their index fingers rested on touch-sensitive response boxes. Subjects were instructed to lift their finger from the response button as quickly as possible when a target was presented, maintaining a high level of accuracy. Immediately following the task, participants were asked to fill out the POMS again and to provide a second saliva sample.
Electrophysiological recording and data reduction
The electroencephalogram (EEG) was recorded using four Sn Electrodes attached to an electro cap (Electro-Cap International), from positions Fz, FCz, Cz and Pz. All electrodes were referenced to linked earlobes. The electro-oculogram (EOG) was recorded bipolarily from the outer canthi of both eyes and above and below the left eye, using Sn electrodes. Electrode impedance was kept below 5 kO. EEG and EOG were amplified with a 10 s time constant and a 200 Hz low pass filter, sampled at 1000 Hz, digitally low pass filtered with a cut-off frequency of 70 Hz, and online reduced to a sample frequency of 250 Hz.
All ERP analyses were performed using the Brain Vision Analyzer software (Brain Products). ERPs were averaged off-line. The data was further filtered with a 0.53 Hz high-pass filter and a slope of 48 dB/oct and a 40 Hz low-pass filter with a slope of 48 dB/oct. Out of range artefacts were rejected and eye movement artefacts were corrected, using the Gratton, Coles and Donchin method (Gratton et al., 1983) . A baseline voltage over the 200 ms interval preceding the response was subtracted from the averages.
2.7. Data analysis 2.7.1. Performance For the different stimulus conditions mean reaction times (RTs) were calculated. Correct reactions occurring within a 150-1000 ms interval after stimulus presentation were considered as hits. The percentage of false alarms and misses were also determined. Because misses were very rare, we will focus here on hits and false alarms. To investigate strategic performance changes after error detection, we also analyzed RTs on trials following an error or a correct response (i.e. posterror slowing). Additionally, we calculated a measure of speed-accuracy trade-off according to the method used by Nietfeld and Bosma (2003) .
ERPs
Mean ERN/Ne, Pe and N2 amplitudes were calculated at Cz, the mean P3 amplitude was calculated at Pz, where visual inspection showed these components were maximal. The averaging epoch for the ERN/Ne and CRN (Correct response-Related Negativity) was between 28 and 100 ms postresponse. The averaging epoch for the Pe was from 164 to 360 ms post-response. The N2 was quantified as the average amplitude in the 400-440 ms post-stimulus time interval. The averaging epoch for the P3 was from 400 to 600 ms poststimulus.
As another measure of the nature of any observed ERN effects, a second common quantification of the ERN was computed: we subtracted the CRN from the ERN (e.g. Luu et al., 2000) . This difference ERN, to which we will refer as DERN, essentially reflects the remaining ERN amplitude variation that is specific to the commission of an error.
Results
Performance measures
Reaction times were longer for incongruent stimuli (MZ513, SDZ62) compared to congruent stimuli (MZ455, SDZ88; F(1,20)Z198.00, p!0.001). Also more errors were committed with incongruent stimuli (MZ0.14, SDZ0.04) compared to congruent stimuli (MZ0.04, SDZ0.02; F(1,20)Z50.54, p! 0.001). A main effect for post-error slowing was found: reaction times were on average longer on trials following an incorrect response (MZ476 ms, SDZ14) compared to reaction times on trials following a correct response (MZ466 ms, SDZ15; F(1,20)Z4.08, pZ0.029 (one-tailed)).
We performed correlational analyses including the following performance measures: reaction times, percentage of false alarms, post-error slowing, the incongruent-congruent difference in reaction times and percentage of false alarms, and speed-accuracy trade-off (Nietfeld and Bosma, 2003) . Personality and cortisol did not relate significantly to performance measures. There were some trends, though. For instance, pre-task cortisol level correlated with post-error slowing in the first block (rZ0.50, pZ0.030). Agreeableness generally tended to relate to longer reaction times, less errors, and a speed-accuracy trade-off favoring accuracy (rZ0.36, pZ0.11). Behavioral shame proneness did not tend to relate to performance measures.
Mood, personality and cortisol
The average POMS mood and personality questionnaire scores and cortisol levels of the subjects are displayed in Table 1 . The means in the table are close to published norms (Andrews et al., 2002; Hendriks et al., 1999; Wald and Mellenberg, 1990 
ERPs, performance
In addition to the hypotheses addressed in this article, the present experiment was also designed to measure the effects of time-on-task and of a reward manipulation on performance and ERPs, to test the dopamine theory of mental fatigue (Tops et al., 2004) . The results relating to time-on-task are presented elsewhere (Boksem et al., 2006b ). In short, the ERN amplitude decreased, reaction times and error rates increased with time-on-task. After the reward manipulation, ERN amplitude increased and reaction times and error rates decreased (Boksem et al., 2006b ). Performance measures did not correlate significantly to ERN amplitude.
Relations between personality, ERPs and cortisol
In this section, we report on average ERP amplitudes from before the reward manipulation; relations with ERP amplitudes from after the reward manipulation are reported in a separate section. Table 2 shows the correlations between the ERN, cortisol, agreeableness, behavioral shame, and some mood measures. Other correlations that reached or approached significance were between increase in anger and pre-task cortisol (rZK0.43, p!0.10) as well as cortisol decrease (rZK0.48, p!0.05); between pre-task tension and agreeableness (rZK0.59, p!0.01); between pre-task tension and pre-task cortisol (rZK0.43, p!0.10); and between increase in tension and agreeableness (rZ0.44, p!0.10) as well as behavioral shame (rZ0.49, p!0.05).
There were no significant correlations with Pe amplitude.
As can be seen in Table 2 , the cortisol decrease during the task showed a large positive correlation with the pre-task cortisol level, but it did not correlate significantly with the post-task cortisol level. The cortisol decrease correlated negatively with ERN amplitude. However, the DERN displayed larger negative correlations to both the pre-task cortisol level and the cortisol decrease.
Agreeableness showed a large positive correlation with pre-task cortisol, and also correlated positively with the cortisol decrease during the task, and with ERN amplitude. Behavioral shame correlated negatively with the ERN, but did not correlate with cortisol measures. When we calculated correlations separately for each of six time intervals, the correlation of agreeableness with ERN amplitude decreased over the intervals. Behavioral shame and the cortisol measures did not show this pattern. Fig. 1 shows scatterplots of the most prominent correlations and Fig. 2 shows the ERP waveforms at Cz.
In order to evaluate the predictive value of personality and cortisol on ERN amplitude, a multiple stepwise regression analysis was performed, including the variables agreeableness, behavioral shame proneness, and cortisol decrease. The results of the regression are summarized in Table 3 . The equation explained 46% of the variance of ERN amplitude. Behavioral shame proneness and cortisol decrease contributed significantly to the prediction of ERN amplitude. Agreeableness, which correlated with cortisol decrease and shame proneness, did not explain additional variance (partial rZK0.33, pZ0.157). When agreeableness was entered first, the effect of shame was no longer significant (partial rZK0.38, pZ0.102).
A similar stepwise regression analysis was performed, including the same variables, to predict DERN (see Table 3 ). Here, the only significant predictor of DERN was cortisol decrease, explaining 60% of variance. 
The reward manipulation
The ERN and DERN in the interval after the reward manipulation did not show significant correlations with any of the mood, personality or cortisol measures, except for neuroticism. Neuroticism correlated with a larger negative ERN amplitude (rZK0.68, p!0.001) and a larger CRN amplitude (rZK0.46, pZ0.044). Neuroticism also correlated with a larger effect of the reward manipulation, operationalized as the amplitude in the last prereward interval subtracted from the post-reward amplitude, for both the ERN (rZK0.67, pZ0.002) and the DERN (rZK0.54, pZ0.016). Neuroticism did not correlate with ERN amplitude on any of the intervals before the reward manipulation, but it did correlate with a larger pre-reward CRN amplitude (rZK0.46, pZ0.044). Partial correlations with neuroticism remained significant after partialling out either scores on agreeableness or behavioral shame proneness.
Other ERPs
No significant correlations were found between personality or cortisol measures and N2, P3 or Pe amplitudes.
Discussion
Previous results suggest that both cortisol mobilization and the ERN reflect goal engagement, i.e. the mobilization and allocation of attentional and physiological resources. Personality measures of negative affectivity have been associated both to high cortisol levels and large ERN amplitudes. However, measures of positive social adaptation and agreeableness have also been related to high cortisol levels and large ERN/Ne amplitudes. We hypothesized that, as long as they relate to concerns over social evaluation and mistakes, both personality measures reflecting positive affectivity (i.e. agreeableness) and those reflecting negative affectivity (i.e. behavioral shame proneness) would be associated with an increased likelihood of high task engagement, and hence to increased cortisol mobilization and ERN amplitudes. There was a strong relationship between pre-task cortisol levels and the decrease in cortisol during the task: subjects with a higher pre-task cortisol level showed a larger decrease in cortisol during the task. In line with earlier findings (Ennis et al., 2001; Lewis and Ramsay, 2002) , we assume that high cortisol levels just before the start of task performance and the associated larger decrease during performance reflect a mobilization of resources for the performance of what the subjects knew was going to be a long and demanding task; hence they should relate positively to task engagement. Agreeableness correlated positively to both the pre-task cortisol level and the cortisol decrease, while it correlated negatively to pre-task tension but positively to the increase in tension during the task. A negative relationship between agreeableness and measures of anxiety is a usual finding (e.g. Hao and Long, 2003) . Besides agreeableness, also behavioral shame correlated positively with the increase in tension during task performance. This may reflect a concern over task performance that is related to both personality measures; since performance deteriorated with time-on-task (Boksem et al., 2006b) , subjects with greater concerns over their level of performance are more likely to have experienced increases in tension.
Consistent with higher levels of task engagement in subjects who scored high on agreeableness or on behavioral shame, both personality measures related positively to the size of the ERN. The decrease of the relationship between agreeableness and ERN amplitude with time-on-task may reflect the decrease in task engagement with timeon-task (Boksem et al., 2006b; Luu et al., 2000) . Consistent with a positive relationship between cortisol mobilization processes and task engagement, pre-task cortisol levels and cortisol decreases during performance related positively to the size of both the ERN and DERN. Overall, the pattern of relationships between our measures supports the hypothesis that cortisol mobilization and ERN amplitude reflect task engagement, and both relate positively to each other and to the personality traits agreeableness and behavioral shame proneness. Similar to previous studies (e.g. Hajcak et al., 2004; Santesso et al., 2005) , we did not find relevant relationships between personality and performance. We did not find relations between performance and ERN amplitude. We Figure 2 Response-locked ERP waveforms at Cz for (a) incorrect responses by subjects scoring high (strong line) or low (thin line) on agreeableness (b) incorrect responses by subjects scoring high (strong line) or low (thin line) on behavioral shame proneness (c) both correct (thin lines) and incorrect (strong lines) responses for subjects showing a high decrease (solid lines) or no decrease/small increase (dashed lines) in salivary cortisol levels during the task. Groups were formed by median split, for illustrative purposes. also found no relationship between personality or cortisol and the amplitude of the Pe. However, two aspects of our results need further discussion. Firstly, although cortisol correlated with both DERN and ERN amplitude, agreeableness and behavioral shame correlated with ERN but not with DERN amplitude. This may be explained by other studies that found that measures of trait negative affectivity relate to larger ERN amplitudes, but also tend to relate to larger CRN amplitudes (the 'ERN' on correct trials) (Hajcak et al., 2004) . Especially the behavioral shame scores also tended to relate to larger CRN amplitudes in the present study (see Fig. 2b ). Since, DERN is the CRN amplitude subtracted from the ERN amplitude, a same-sign correlation between both ERN and CRN amplitude and the personality trait would decrease or abolish the correlation between DERN and the personality trait. Hajcak et al. (2004) suggested that the positive relationship between CRN amplitude and trait negative affectivity reflects a higher concern over performance also on correct trials. The absence of a CRN amplitude increase in response to an explicit on-line performance evaluation condition as reported by Hajcak et al. (2005) seems inconsistent with this interpretation. However, it remains possible that increased CRN amplitude in conditions of social evaluative concerns relates to individual differences measures like behavioral shame proneness and negative affectivity, and to neuroticism when the significance of performance is increased by a reward manipulation. On the other hand, cortisol may relate differently to ERN compared to CRN amplitudes. For instance, the mobilization of resources as indicated by cortisol, may increase the efficiency of performance monitoring processes, and this may increase the amplitude of the ERN relative to the CRN, and hence increase DERN.
The second aspect of our results that needs discussion is the lack of a correlation between behavioral shame proneness and the cortisol measures. This lack of a correlation is not unexpected. As explained in Section 1, shame proneness should relate to concern over negative social evaluation, and hence probably to task engagement in some situations, but also to disengagement coping in other situations. In a previous study we found that, whereas agreeableness consistently related positively to early morning cortisol mobilization, fear of negative social evaluation related to cortisol mobilization in a direction that depended on the application of either engagement or disengagement coping responses . Also, it has been suggested that for shame proneness to relate to higher cortisol responses, a shame provocation manipulation and a social-evaluative setting are necessary (Dickerson et al., 2004b) . However, the association of behavioral shame with both larger ERN amplitude and with increases in tension during performance suggest that behavioral shame did in fact relate to higher engagement during task performance. Still, more of the high behavioral shame subjects may have used disengagement coping strategies in anticipation of task performance, displaying less cortisol mobilization. While it may have been easier to use disengagement defences before task performance, the actual on-line social evaluation during performance by the experimenter, combined with limited stress levels may have decreased the likelihood of disengagement coping during task performance (Mason et al., 2001 ). This would explain the presence of a correlation between behavioral shame proneness and ERN amplitude (engagement during performance) and the absence of a correlation between behavioral shame proneness and cortisol (mobilization before task performance). Future experiments may try to use convergent measures of engagement at different time-points during the experiment, to check the correctness of our interpretation.
The relationship between high neuroticism and larger increase in ERN/CRN amplitudes after a reward manipulation is a replication of a similar finding by Pailing and Segalowitz (2004) . Those authors found that as the incentives for accuracy increased, subjects scoring high on neuroticism increased task engagement ('invested more attentional resources') as measured by ERN amplitude.
A large metaanalysis of PET studies (Paus et al., 1998) showed that the common denominator of ACC activation across many task conditions is the level of task engagement, i.e. the amount of effort, which has to be engaged in a task. A recent prominent theory on the ERN suggests that a mesencephalic dopaminergic projection to the ACC is involved in the generation of the ERN (Holroyd and Coles, 2002) . It has been proposed that dopaminergic activity at the level of the ACC is essential in the willingness to exert effort and to overcome response costs 1 (Walton et al., 2005) . Similarly, Larsen et al. (2003) ; also Folkman and Moskowitz, (2000) suggest that stressors should co-activate positive affect (dopaminergic) approach/appetition systems to overcome simultaneous activation of negative affect (cholinergic) avoidance/aversion systems to enable active, problem-focused coping. The level of activation of this dopaminergic mechanism of effort-allocation and engagement may be reflected in the amplitude of the ERN (Boksem et al., 2006a,b; Lorist et al., 2005) . This is supported by a study in which amphetamine administration increased ERN amplitudes, feeling of alertness and subjective level of performance, without affecting actual performance (De Bruijn et al., 2004) , and another study in which administration of the dopamine antagonist haloperidol reduced ERN amplitudes (Zirnheld et al., 2004) .
The positive association between the size of the ERN and behavioral shame proneness as well as neuroticism in the present study replicates similar findings regarding relationships of trait negative affectivity and neuroticism with ERN amplitude (Hajcak et al., 2005; Pailing and Segalowitz, 2004) . However, the similar association between agreeableness and ERN amplitude suggests that it is not negative affectivity per se that is associated with ERN amplitude. Agreeableness relates to positive psychological adaptation, active coping, high positive affect and low negative affect (see the Introduction). Alternatively, it has been suggested that the ERN reflects subjective reactions to errors: Subjectively, errors induce strong emotions of frustration and irritation (Yeung, 2004) . However, frustration is the negative pole of agreeableness, and we did not find a correlation with increase in anger, arguing against a direct relation between error emotions and ERN amplitude. However, as suggested in the introduction, agreeableness and behavioral shame proneness have in common a concern over social evaluation. Concern over social evaluation may increase task engagement, and this increase in engagement may be reflected in the ERN amplitude (Boksem et al., 2006a,b; Santesso et al., 2005; Luu et al., 2000) . Since, measures of fear of negative social evaluation correlate positively with measures of negative affectivity and neuroticism (e.g. Tops et al., 2006) , increased task engagement may be a confounder in previously reported associations between negative affectivity and ERN amplitude (Hajcak et al., 2005; Luu et al., 2000) .
Cortisol levels were assessed during a single session. Individual differences in cortisol measures are better assessed by aggregating over multiple sessions (Pruessner et al., 1997) . Hence, if compatible with the study design, future studies should preferably employ average levels over multiple sessions.
The possible important role of engagementdisengagement in psychophysiological research may also be relevant to research on psychopathology (Mason et al., 2001; Tops et al., 2006) . For instance, atypical depression is characterized by hypocortisolism, rejection sensitivity/fear of negative social evaluation and disengagement responses (Gold and Chrousos, 1998; Tops et al., 2006) . In contrast, typical, melancholic depression is characterized by an inability to disengage from painfully charged memories and hypercortisolism (Gold and Chrousos). Tucker et al. (2003) found that the ERN was increased or decreased in depressed subjects, depending on the severity of depression; Tucker et al. proposed that this reflected disengagement from the task by the more severely depressed subjects. Tucker et al. suggested that altered ERN amplitude and ACC and insula activity in depression parallels the role of a network including ACC and insula in both physical pain and social separation/rejection pain (e.g. shame, see also Eisenberger et al., 2003; Najib et al., 2004; Panksepp, 2005) . Physiologically, error detection is accompanied by skin conductance responses and changes in heart rate (Hajcak et al., 2003 (Hajcak et al., , 2004 , and both ACC and (especially) the insula are implicated in such responses (Kuniecki et al., 2003) , as well as in cortisol and energy (glucose) regulation (Allport et al., 2004; Christensen et al., 2004; Ottowitz et al., 2004) and errorrelated processes (Menon et al., 2001 ). Additionally, both ACC and insula have a necessary role in the normal occurrence of the ERN (Ullsperger et al., 2002; Ullsperger and Cramon, in press) and are implicated by neuroimaging studies in depersonalization (Lanius et al., 2005; Phillips et al., 2001 ) and in risk-avoidance and punishment in relation to neuroticism (Paulus et al., 2003) . Interestingly, administration of the anxiolytic benzodiazepine lorazepam has been related to decreased cortisol mobilization (Collomp et al., 1994; Hellhammer et al., 1988) , decreased ERN amplitude (De Bruijn et al., 2004) and decreased insula activity (Paulus et al., 2005) .
